SUMMARY Seven patients with gastrointestinal disorders and deficiencies of serum and secretory immunoglobulins were evaluated clinically, microbiologically, and immunologically. Five patients had generalized deficiencies of immunoglobulins; two were selectively deficient. Diarrhoea and malabsorption in six of the seven patients were at least partially explained. Four of the five patients with generalized hypogammaglobulinaemia had intestinal infestation with Giardia lamblia; in three of the five, excessive numbers of anaerobic bacteria were cultured from small bowel fluids. Despite much variability in relative severity of patients' respiratory and gastrointestinal tract symptoms, deficiencies of mucosal immunocytes and immunoglobulins in nasopharyngeal and gastrointestinal tract tissues and secretions were similar. Except for one selectively IgA-deficient patient, all patients were deficient in IgE. The study characterizes in greater detail than heretofore the gastrointestinal disorders associated with immunoglobulin deficiency states.
tions (Claman, Merrill, Peakman, and Robinson, 1970) and the distribution and immunoglobulin class of mucosal plasma cells (Crabbe and Heremans, 1967; Eidelman and Davis, 1968; Gelzayd, McCleery, Melnyk, and Kraft, 1971) , especially IgE cells, have been evaluated infrequently in immunedeficient patients. Some authors have speculated that bacterial flora might be pathogenetic in the gastrointestinal abnormalities, but intestinal fluids have not been cultured often (McCarthy et al, 1965; Mawas et al, 1969; Gelzayd et al, 1971) . Descriptions of the intestinal morphology and estimates of disaccharidase activities are also lacking from many reports.
Detailed studies of seven patients in this report further characterize gastrointestinal abnormalities associated with immunoglobulin deficiencies. Measurement of immunoglobulins and immunoglobulin-containing cells in respiratory and gastrointestinal secretions or tissues and culture of intestinal fluids by rigorously anaerobic methods were emphasized. (Roe and Rice, 1948) , faecal fat excretion (van de Kamer, ten Bokkel Huinink, and Weyers, 1949) , vitamin B12 absorption (Schilling, 1953) , and activities of disaccharidases in jejunal biopsies (Dahlqvist, 1964) were estimated according to described methods. The pH of unstimulated gastric juice was tested in all subjects after fasting, and gastric acid secretion after betazole hydrochloride stimulation was measured in two patients.
MICROBIOLOGICAL STUDIES
During initial evaluation, duodenal fluid from each patient was cultured according to conventional aerobic and anaerobic techniques in the clinical laboratory. Subsequently, intestinal fluids from four of the patients were re-cultured, using rigorous microbiological techniques and selective media which have been described in detail (Savage and McAllister, 1971; Savage, Dubos, and Schaedler, 1968) . Fluids were collected under N2 from multiple sites of the small bowel via a sterile, double-lumen, polyvinyl tube. For anaerobic cultures, the fluids were serially diluted and plated onto pre-reduced media in an oxygen-free chamber, and then incubated in an atmosphere of CO2 and H2; for aerobic cultures, fluids were plated and incubated in air. Control fluids from 12 healthy, age-matched subjects were similarly studied. Stools and intestinal fluids were examined microscopically for parasites.
BILE ACID STUDIES
The concentrations of glycine and taurine conjugates of bile acids in duodenal fluids were estimated by thin-layer chromatography in silica gel (Abaurre, Gordon, Mann, and Kern, 1969) . The relative concentrations of primary and secondary bile acids were estimated by gas-liquid chromatography of trifluoroacetate derivatives of methyl esters (Kuksis and Gordon, 1963) .
HISTOLOGY
Biopsies were taken from the posterior nasopharynx under cocaine anaesthesia, from a rectal valve at the time of sigmoidoscopy, and from the stomach and duodenojejunal junction with a multipurpose tube (Brandborg, Rubin, and Quinton, 1959) . All tissues were stained with haematoxylin and eosin for examination of morphology, and with methyl green pyronine for identification of plasma cells. Intestinal and rectal biopsies were stained also for amyloid with Congo red. Some intestinal biopsies were stained with Masson trichrome for identification of parasites.
IMMUNOLOGICAL METHODS
Concentrations of immunoglobulin A(IgA), IgG, and IgM in serum were measured by a microimmunodiffusion method (Claman and Merrill, 1964) , and in saliva by electroimmunodiffusion (Merrill, Hartley, and Claman, 1967) by D. Merrill. These immunoglobulins in duodenal fluid, nasal secretions, and sputum (concentrated five-to 10-fold) were measured by radial immunodiffusion in agar containing rabbit 7S y-globulin antibodies to human immunoglobulins (Brown, 1971; Newcomb and DeVald, 1969) ; reference antigens were llS colostral IgA, serum IgG, or IgM. The fluids were tested for the free secretory component (SC) of exocrine IgA by double immunodiffusion, using rabbit antibodies specific for the secretory component of human colostral IgA (Brown, Newcomb, and Ishizaka, 1970) . Serum IgE was measured radioimmunologically by K. Ishizaka (Ishizaka, Tomioka, and Ishizaka, 1970) .
Immunoglobulin-containing cells and SC in tissues were identified by indirect immunofluorescence according to techniques, including tests of antibody specificity, which have been described (Tada and Ishizaka, 1970) . Rabbit or guinea pig antibodies and goat anti-rabbit or anti-guinea pig antibodies conjugated to fluorescein isothiocyanate were applied.
Patients' delayed immunological responsiveness was evaluated in vivo by intradermal application of mumps, Candida, vaccinia, and trichophyton antigens and in vitro by measuring the 3H-thymidine uptake of circulating lymphocytes three days after stimulation with phytohemagglutinin. Sera were tested for rheumatoid factor, antinuclear antibodies, and antithyroid antibodies in the clinical laboratory, and for antiparietal cell and anti-intrinsic factor antibodies by Dr K. Taylor. Serum agglutinating antibodies to Salmonella H and 0 antigens were measured before and two weeks after the subcutaneous injection of 0.5 ml of Salmonella typhosa vaccine; measles and influenza A2 and B antibodies were measured by microhaemagglutination inhibition; respiratory syncytial virus antibodies were measured by complement fixation.
The wheal-erythema reaction of patients' skin to intradermal injections of guinea-pig anti-IgE antibodies was tested as described (Newcomb and Ishizaka, 1969) .
Results
The series (Table I) and these symptoms were about equally severe in two (P.W. and R.G.). Milk-induced abdominal distension and diarrhoea were especially troublesome to E.Y. and R.G. Patients M.B., A.D., and E.Y. were severely debilitated and malnourished. Chemical evidence of malabsorption was present in all patients except P.W. (Table II) , but steatorrhoea when present was mild. A.D. was extremely hypokalaemic. Pernicious anaemia was documented in M.B. by gastric achlorhydria, gastric atrophy, and (after G. lamblia were eradicated) correction of impaired 57Co-B12 absorption by administration of hog intrinsic factor. The pH of unstimulated gastric juice was more than 2 only in M.B. and R.G., who also failed to secrete measurable gastric acid after betazole hydrochloride stimulation.
Morphology of patients' intestinal mucosae (Table III, Fig. 1 ) varied greatly. Villi were of normal height in some biopsies, flat in others, and of variable height in multiple biopsies from some patients (A.D. and R.G.). Lymphocytic nodules were present in rectal or small bowel mucosae of three patients (Fig. 2) . Amyloid was not demonstrated in any biopsy.
Disaccharidase activities (Table III) were reduced in the intestinal biopsies of all patients, including some in whom villi were histologically normal. Lactase deficiency in three patients was corroborated by 'flat' lactose tolerance tests.
Cysts or trophozoites of G. lamblia were found in stools, small bowel fluids, or jejunal epithelium of four of the five patients with generalized hypo- (mg/100 ml) (ng/ml) (mg/100 ml) (mg/100 ml)
H.E. Fig. 3 ). Methyl green pyronine stains confirmed the immunocyte deficits. Secretory component was demonstrated in the epithelial cells of all gastrointestinal and nasopharyngeal biopsies (Fig. 4) .
Irrespective of the relative severity of patients' respiratory and gastrointestinal symptoms, deficiencies of mucosal immunocytes and immunoglobulins in respiratory and gastrointestinal tract tissues and secretions were similar.
Cutaneous sensitivity to anti-IgE was absent or diminished in six patients, but normal in H.E. despite her low serum IgE level. Delayed cutaneous response to at least one of the four antigens applied was observed in each patient, and the lymphocyte response to phytohaemagglutinin stimulation was abnormally low in only one (E.Y.) of five patients tested. The tests for rheumatoid factor, antinuclear antibodies, antithyroid antibodies, antiparietal cell antibodies, and antiintrinsic factor were negative in six patients (R.G. was not tested). Serum titres of isohaemagglutinins and antibodies to influenza, measles, and respiratory syncytial virus were very low in the patients with generalized hypogammaglobulinaemia, but normal in H.E. and P.W. Patients M.B. and P.W. responded normally to typhoid immunization, but four other patients did not.
A gluten-free diet was effective in the treatment of H.E.'s enteropathy (Mann, Brown, and Kern, 1970) , but was ineffective in all other patients. The four hypogammaglobulinaemic patients with giardiasis responded to eradication of the parasites (by atabrine, metronidazole, or furazolidone) with weight gain (88 to 140 pounds in M.B.) and disappearance or improvement of their diarrhoea and steatorrhoea. M.B.'s jejunal mucosa improved considerably after treatment (Fig. lb) (Ishizaka, 1970) . The significance of absence of IgE from the gut is not yet known. A mechanism by which it may participate in normal gastrointestinal immunological defences is the following. IgE is synthesized primarily by intestinal and other mucosal immunocytes (Tada and Ishizaka, 1970) , and can sensitize intestinal mast cells (Tomioka and Ishizaka, 1971) to release vasomotor substances that could promote the entry of protective antibodies into the gut lumen (Murray, Jarrett, and Jennings, 1971) . Whether IgE helps to protect the human gut from infestation with G. lamblia is unknown, but the suggestion has been made that it is protective against intestinal parasites (Rosenberg, Polmar, and Whalen, 1971) .
This and other studies (Crabbe and Heremans, 1967; McCarthy et al, 1965) suggest that the severity of patients' gastrointestinal disorders is correlated with the severity of their immunoglobulin deficits. A deficiency of IgA alone is most often accompanied by mild malabsorption, whereas a generalized immunoglobulin deficiency more often results in severe, debilitating disease. Antibodies belonging to several immunoglobulin classes therefore may participate in immunological defences of the gut. The wide range of severity of respiratory and alimentary tract symptoms of patients with similar serum immunoglobulin abnormalities was not explained by this study.
The presence of secretory component in intestinal epithelial cells of IgA-deficient patients is evidence that the secretory component of exocrine IgA is synthesized independently of the heavy and light chains of the molecule (Tourville, Adler, Bienenstock, and Tomasi, 1969) . The biological role of secretory component is unknown, although it might be responsible for the resistance of exocrine IgA to proteolysis . Its presence in damaged intestinal epithelial cells of immunoglobulin-deficient patients suggests that it does not play a major role in protecting the gut epithelium.
Rigorously anaerobic collection and culture of intestinal fluids revealed excessive numbers of anaerobic bacteria in the small bowels of some hypogammaglobulinaemic patients, suggesting that overgrowth with anaerobes may be common in such individuals. Except for a recent report (Hersh, Floch, Binder, Conn, Prizont, and Spiro, 1970) , intestinal bacterial overgrowth has seldom been found in immune-deficient patients (McCarthy et al, 1965) , but microbiological techniques employed in most studies probably were not sufficiently strict to permit growth of very oxygen-sensitive organisms (Savage et al, 1968) . The pathological significance of increased numbers of intestinal anaerobes in hypogammaglobulinaemic patients is uncertain; patients of this series treated with antibiotics did not improve. High concentrations of glycine-conjugated or dehydroxylated bile acids in the small bowel fluids of the two patients (M.B., R.G.) with most severe bacterial overgrowth suggest that bacteria-induced alterations of bile acids could contribute to the diarrhoea and steatorrhoea. The failure of M.B. to respond to cholestyramine, however, does not support this possibility, although a similarly treated patient improved (Gleich and Hofmann, 1971) .
G. lamblia infestation may contribute to the intestinal abnormalities of some hypogammaglobulinaemic patients, since patient M.B. and others (Hoskins et al, 1967 ) improved greatly after eradication of the organisms. The presence of G. lamblia in a patient without intestinal symptoms (D.F.) and their repeated recurrence in M.B. indicate that thorough search for the parasites should be conducted in immunoglobulin-deficient individuals.
This and another study (Dubois et al, 1970) have demonstrated that in immunoglobulin-deficient patients lactose intolerance may be a significant problem which can be improved by appropriate dietary restrictions. The previously reported finding (Dubois et al, 1970) of disaccharidase deficiencies in histologically normal jejunal mucosae of immunedeficient patients was confirmed in this study, but is still unexplained.
